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SEEEN X KRITA
A ERERL KR
ERR AXE FRE

(R B L BB ETE ~ 178 ok, U3 100101)  CEHEER RS HEEYFHBIE, LR 100054)

B B OVRINSIERENECT R RY ST R, LK 2 B0k R (Neuroganin, NG) 284k 5 R B PEAT 3L
BEZ BB E R AR o ABHEAT M2 ORI B, SRS 1B 48 RIS AR B . 5 40 HUgfedt: SD K SRBEAIL 20 175 48 D8t
A 1(ESL, #2324 BN A AR 2 DI 2(ES2, RSNG4 B30 (IEH X IRAL 1(C1, J0Ms 45 R, (82
0GR FIE R IR (C2, TR R, WY F) (n=10) . LT G W AR+ FRELFRITER
SRR BT A AELE , Western FIEZ2 205 (Western blotting ) Il 52 ¥ B MR AN B2 J2 Hh 9 NG & BANBRBRILKFo 45
AW (1) BLBUR ES1 K FIEshgh, 5 C1 HILE, 250 B3, p <0.01;(2) ESL i LB Z)ZH
NG BRRRAL/KY R T C1 M C2 41, 257 B 3E&VE, #52h p <0.05; ES2 A BRTINEZ NG MBI AL/K-F 1T C1 4,2
SR BN, R p <0.05;(3) 1§55 NG BEBRILK -5 /K P18 sh Z AR A5G 2k B2 K F o 78 SR 2 D e

SR R AT R IR, X AR AT O A T BB S IR NG BRRRALAK IR K o JKEIE T BB S Gtk
B2 N B B BT A TR AR, ¥ T NG BRRR ALK FT BB T itk 19 2 L S0UT BUR IR S ARAT A I B i iR A W 2

j:g$/i:\‘0

WM LTP oA 2 g ),

G M WA 18 T, BUIER, 5, R
SEE B84S
1 HiE

T4 A RIS AT O AR B B HIL 1, £95
R ST R EREAME 12 S Ir st
o IAERIBTE B e p 23 BN IR B D e
A4, tLF i e — fos DR EHEEATAE G X 3R
(B BT o B L A AR B 4 2
o AR, B N AMF Z R U R Ak AT 2B 1 Y
B PLTE F M 2 RSB T AR
BB 4B R RE AT A s R st T, R
W AR, R 5 A T SE R AL AR AR A R M 1R 4
FOAT A PR A2 ) B R AR LA , 0 3 S A 4 ]
IBPEFI T BEFT BB MR B9 7R 1L . RiTE AR AR
i DX o 222 6 R 0/ R 4 M R G RS R R 2
FEEEMR S RESE , Kh e S MBI Ez 2
YRR A EER NS, FENRRENRF
SRR GG AL B A REFE RS, LR NR

A% H 312005 - 11 - 09

1 TR 22 TR R B B B RR A I 1T
YRR A FIThRE, BE R M A K AT A
MR FITh R B AR T EEWMIER. BT
DL, iU e ik & onie R R E LR & &
BERRALAK AL, W] R 2 5 S b S5 H R B e T
IEVENLRI R , W5 B B B SR BT S SO I K
Pl THARFSER B, S BRIk T ik £ o &
Fy B 722 11 70 ( Heat Shock protein — 70, HSP
-70) R 28 5% T ( brain derived neurotro-
phic factor, BDNF) | B4k K AH5% 5 H (the presynaptic
43 — kDa growth — associated protein, GAP -43), 5
IST ORI 0 et AR A P AE R AR BT 5T
BTG ORI S AR SR PR 2R 18 ST TE LR I ) H AR
PLEI AT BB A .

P2 R R ( Neurogranin, NG) 2—Fi# &L
Fer PR H I, 7 B O IR 4RI T D B YDA G B A

# 1 E R B AR LA (KSCX2 -2 - 03) MIE K A ARk L4 (30370482) BT H

BEIRAEE B, E — mail ; Linwj @ psych. ac. en, H15:010 — 64863723
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SHWmER ELSAMNCEPRERE, BREME
PKC MEZRYEH. P EH,NC S 5P NR
K LTP, PKC . PKA fil CaMK 1 &2 M EEWE
FE S FE R, il /- o bl B AU , M s
RIEME] M RA M RR AR — A R
AT PR B SCEEAE . Ah, NG BRI BERR
AT BZE A XS AR NR AR LTP 2 727 AE B i
PR , Xof 0 7 BT Y S g BURR , O L 52 012
WYIAESL Rk, AT AR R BRI EAT N
WG (4 S A S5 F AN BB T BB YRR o ZRWRFIAR L
HEET ST R, AR AR T R IOR I 45 R RE
HEPIT AR UL NG SEBREETR, FHER
WATHYE NG SEWHCEREKT . REEHEN
BUE NG SRR EBINAT H R R A i E
BRI A W) F e b, T BB VP RIS M B R BUPT O B A
I RELE . RIS R 4R AN, NG W REAE A —
R M, TR AT N SRR FEER. B
B, RTaMEENB AT AE NG REMFE AR
WARGE o I, AT BRI AR SE 56 28 JE N A
SEPEZSHRAOK BB ) I A R R
A RKRIBSS A K B 48 N, BT 8 28 SR IR
28 RN T S TR R B2 B NG 200 LK R U=
KRBT 547 05 NG 22k &, LU AR L
TBiFs RAT AR A S L 22 A — 2R R
2 MPRHRDTEE

SLHGE F e Sprague — Dawley KL 40 2,1
B 4E38 AR SL I s ) o0 AR 250g DL B, BOEIR
Fro LW EP LA ENB 7T X, /BRI A
12h/12h (YRR B A] 08: 00 ~20: 00h) , ENIEF N
(22£0.5)C, BEH 50% £ 4. G NTHE 3h
Y 8 B FIPOK , B RESZ 3min FLi,

KELFEDL S 2 04« 18 45 DL 4 1 ( Emotional
Stress 1, ES1) 15 2% W % 20 2 ( Emotional Stress 2,
ES2),IEHXHRA 1 (CL) FMIEH XA 2(C2), &
10 H, ES1 821548 BRI R W 4T 2
B, ES2 R E S B AR Z W 41 A, C1
BEZPRY BT R, C2 RN TR, 765
i gR . ES2 4 C2 MR E RN TG0
BB A B
2.2 MHERF

21 JHERE , % ESL 21 (ES2 4 4T e
KNk 10d, ERBRAKMNGREH 2 K, BIERE

9.00 ~9.:10 FIKE 21:00 ~21:10 BEWKK, 25
B AR, HA R EAR 4K, K IEwRE
LRSS, ES 41 3h#) 78 2 B PR K B[R] PN 45 T 1 28
SRR S & LB 28 B T, RIS 45 T R TC LA L (B
YR — KW DI RESE 3 K, C1 Al C2 A%
AR, EE TR, B HIOKIEREE. A
YyFEIE N TE 4R 35 I3 A L RE B IR K BA A L I B3R
3 RAFRIGR IR E IR, LRI
z1,
£1 ZWEFE(X)

Group Time 0 1 2 3 4
ES1 9:00-9.10 N N ES N ES
21.00-21.10 ES ES N ES
ES2 9:00-9.10 N N ES N ES
21.00-21.10 ES ES N ES
Cl 9:00-9.10 N N N N N
21.00-21.10 N N N N
C2 9:00-9.10 N N N N N
21.00-21.10 N N N N

2.3 {UEEFRFA

SF—HUAPL NG BB B wEUA BEHRIL NG
Z IR B — Actin BITREHUIR HE ZHTIR MR
ALY EE R IC B I B AR 1gG Brik . L F PR
IgG #i/4 .BCA ( bicinchoninic acid ) £ [ & MR & .
S SR VR ( buffer) (ESEREF4E I ( Nitrocellulose
filter, NC) 52} Sigma 23 8] 7 i, SR BUAL 22 KOG R
% (ECL) i & 5 3£ & Pierce /7], Gel. Doc ¢
JR AR 2 i B 3 BT 22 488 H Bio — Rad A H],
2.4 1TAZNIK

F AV G AMERE T FREES R, ESI
AN C1 20 S 7EE DR AN B AR ST R IR

Fr i,
24.1 WHARX HIHIPETH SOem,

180cm | JE A MR E ¥ B AR Fh, LR E
 60lux, E NMRF . MEAFTHEBENAERG
R YAEY I Smin 1T REIL, AFHKF
TEEHEE B B B R R AHEE R . K
G EhEE B MR B AT MR R GRS EL
&, BLSL R BT R AREAT MR RS R
RS BRI EME R R Y iR RS
HE(E 1 B B 2R

2.4.2 BSETFHEEE EEE S0cm, FHFH
5 110em x 10em x 10em( K x5 x %) ,HE BE
37 110em x 50cm x 10em (£ x & x %) . WA T4
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X 10: 00 ~ 14: 00h #47, FEMAFFERET, K R
ZRERHEEE L EmA R E N E N RORE
DA TE] D Smin, R3¢ 4 MT AR, (1) #FEARE
BB SRS, (2) 1R B IR R P
], (3)HFAREW G RESRE, (V) ERERE
R P B N ]
2.5 BEMWRKEE NG HWE

B 5 RE R H , % BEST 410 C1 41 KR
HATAT RIS |, SEEPHR s Sk AL SERT A KR, 215
U ShFIAR R AR TR A H B e B 2R BT A e R R
R O B L 3 4 S 1) T m R S Y A MO P i A
FEHALCIE 1 s M1 FI M2 XI) . Z/EH4A
LA

FF8 Western E[J 3k 2442 i ( Western blotting ) il
AE K BRI I AT N K 2= 1 NG 5 B BRIR LK T
RAHZUMA buffer 2332, 5335 A BCA W% 45,
TE 37T°CKEFE IR T 30 44, @ o 5 H R4tk
BETHEEATAE i SRR N B R B A R 2
W L/ S i e R NI Ry S R &)
TMARZE PR, IR PIMARESZE B, E
15% (SR I M e g BE e P Ok, e B %2 NC I, NC &
VLB (10% e 9k , 55 T TTBS) = R E{ ] 1h,
Ji Tris/ Tween ZE &k 7K ( Tris buffered Tween — 20 sa-
line, TTBS) BEIK, 10min (3 R, AP NG 2 EH
B ELAE IR S 3h, M TTBS YRR, 10min (3
. TTBS W R ILFE 505 TG BTk (1: 4000) 5%
BB, &% 1h, B3 R A ECL 556
il IR BRE R ilk, 25, % n—ik NC & Er W
ZEH B - Actin FIBEIR L NG BEAT A3, @B
Gel. Doc BEC M Z ¥ E BT RGN B E#Y NG
B H BEERAL NG #l B - Actin FEH AR HE

TR, WARREK NG S8 NG BrERIL/KF 5
RIS E LA —5K NC I B # NG &8 BERRIL NG 5
B - Actin FE M HLERFR

e R T
. H .

oo e

- s1H
ST,

sz

v MCPOHI_)Q : A Bk _;/ﬂ/

T T VPG VMPO il

M1 KBUNHZ P ( Paxinos, 1986 )

2.6 ZItAFE

ARSI, AT SPSS 10. 0 #4431,
GERFTE £ tp 2 (M £ SD) KRR, WA KRR
WA D RIET R Z NG SR UKV 1T T8
T 2 T A 0 7 L AR R A TR 3 O 2= A A
(One — way ANOVA) HIZE )5 # 56 ( Post — hoc test,
LSD) , W igA7 Rt tn 5 NG K2 8 i A 5 53
MR i Pearson FHZEAHICH Spearman SEZHHK

3 %

3.1 &

18 T 4R 18 A R B R K B A 33
R, T B i) AR B R R R T B E A (p >
0.05) . {H7ENH I (DA Hif R /K S99 A 21 7 8340
K)LESL 1 ES2 PR B KA R, 4R
W2,

R2 NHEWRNAXREETUERMILE(g,M=SD)

Ll EEINE CE RPN ERHET R FERFIRKBIR RIBHA
ES1 #8 244.22 £14.93 268.79 +18.79 313.55 £27.01 314.39 +39.67
ES2 48 251.38 £20.59 271.24 24,13 323.85 +33.85 326.30 +40.03
Cleg 243.24 £11.34 268.97 £30.20 308.54 +41.83 330.69 +35.27
24 246.44 £19.24 284.61 £28.68 328.71 +32.58 357.08 +40. 11

F 0.46 0.86 0.73 2.15
P 0.71 0.47 0.54 0.11

3.2 giBfT AN

LR , 19 S AR G oK IS S R
BB BT SR T A A E R B LR R
FTEF(p>0.05)

NG, EST 2 R B KIS s, 5 C1 4
Fig, =R A B EM (p <0.01), HRKITTHERKY
LR ER TR EFE, RILE3,
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R3 NHEESL5Cl BAXKRYFHITHILRHESR(M D)
ikl FREE0 KPFES(em) B REO) WK HEEERED RGO SR E (s)

ESI4  0.20£0.42 2770.30 £1564.79 10.00+6.09  1.40+1.58  2.002.11  0.200.42  33.00+88.20
cl 4 0.00£0.00 1287.00+732.36  8.70+7.80  1.60%1.27  2.40£2.37  0.00£0.00  0.00+0.00
: 1.50 2.72 0.42 -0.31 ~0.10 1.50 118
» 0.15 0.01 0.68 0.76 0.70 0.15 0.25
3.3 BE+FHEEEE PR ] | PRV SR 28 UCBACR AT 15 B o ) DU ST A S A

RIS, AR BAETTERRRYU ITEEE  WEERYEEELE(p >0.05), 4PRIE4 RS,

F4 EHNRAKXRFEESESPRTHLRER (M 25D)

A5 R JHERE (s) THERE PR (s) RS

ES1 # 10 166. 10 = 88.92 6.20£3.58 133.90 +88.92 4.50 £2.17

cre 10 227.90 £39.11 7.60£2.88 72.10 £39.11 4.60 £2.63
t -2.01 -0.96 -2.01 -0.09
P 0.06 0.35 0.06 0.93

£S5 HHERAXRTFETEZPHTHLRER(M +5D)

85 R T mTE] (s) TR A (s) G
ES1 4 10 210.40 +64.05 4.40 £1.78 89. 60 £64.05 3.30£1.42
;| 10 191.90 =£85.79 5.20+2.94 108.10 £85.79 3.50 £1.90
t 0.55 -0.74 -0.55 -0.27
P 0.59 0.47 0.59 0.79

3.4 NHESEVEDBIMEE NG EHEE FHA BEME(2HH F(3,36) =3.13,p <0.05;
FBEER L KT F(3,36) =5.80,p <0.01;F(3,36) =7.14,p<

& I Western — blotting 437 A& B8, ES1 4H . ES2 0.001;), WIPALL B A, 7EE T X 38, ES] 201 NG
G AN XA NG BRI NC M H R BRILK PHEBEES T LM QAR p <
FWEERBSEFXRAMEAAELZR, M B - 0.05;p<0.05), 7E}ZXH,ESL 4 NG BEER{LK
Actin B A ANH KR PRI —, FTREETC M C A AP <0.05p <

FESWER BN WHRRERKEZH NG 0.05);ES2 41 NG Bk /K P2 E R/ T ClL H(p <
BB DRI R E B NG BERR LK SRR 0.05), ZERIFEILR 6,

x6 NBEHNAKRED. WHEE NC SEMBBELKFEHNEREE(M£ID)

a5 BIX NG &5t BIX NG BB KT-
W T, il 2 ) FON 2
ESI1 24 1.23 £0.49 1.40 £0.47 1.00 £0.39 %2 1.23 +0.71*4
ES2 4 1.14 £0.23 1.07 £0.56 " 0.56 £0.50 0.83+0.38"*
Cl# 1.67 £0.44 1.72 £0.47 0.47 £0.12 0.41 £0.14
C2 4 1.48 £0.70 1.37 £0.36 0.46 £0.17 0.57 £0.11
F 2.40 3.13 5.80 7.14
P 0.08 0.04 0.002 0.001
Y.« 2R CLALMIE,p <0.05,A 3R 5 C2 4UAH,p <0.05
3.5 WI351TH5H NG SBTLHEXE S MR A SE T8 3 5 1 T NG BRIk

FRAERER U GUAFRRIT KEE SKHESIREZFIEMR, D NG 58 A5z
SIS EVATAZIERE BEIEAR, RN SKEE NG FEM NG BHRIKFS & T Z1 T8 815 Z [H]
L EMATHEBEAME, BTN SHRV ST OHESRBESGIT A ENEZEE N BRILET,
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RT BVHITAHERZERITAE NC SEMBRUKFEZ MERAXREERE

HMEEE  #wBING

TR 5 By KPEZS) RERE REeE BN HEER BENGER NCAE  BEILKT
Hir 0.39**
KT 0.36*  0.65**
SRR 0.04  —0.46%*  —0.43*"
et A] 0.02  -0.46** -0.45** 0.99**
i 0.18  -0.05 -0.13  -0.01 0.01
Hefg g -0.03 -0.14 -0.18 0.07 0.11 -0.15
WO NG &5 -0.41 0.02 -0.10  -0.04 -0.05 0.22 0.0
B2 NG &8 -0.25  -0.004 0.03 -0.22 -0.22 0.08 -0.23 0.15
W5 NG BiER 4L K 0.13 0.25 0.53*  0.00 -0.01 -0.20 -0.34 -0.37 -0.32
BIRIR 2 NG BEERfLAKSE 0.34 0.32 0.33 0.12 0.12 -0.29 -0.22 -0.64** -0.09 0.48*
4 g Ak, BIFRAHX NR 4R 1E LTP 3 42 i S 28 i $8 4%

TETB S PR R R, Sh i) i ZHR AR B R
BLRERUN B S A O I B S FA T B 3R
Mo WM, TR EA RIFHASSUE, FH T
AT A ROV R RPLEI 58 . ABR5E, 5 C1 A C2
AL, BB PO (A RE B PR /K 30 o 30 N7 S8 oK)
EST 41701 ES2 AR Bk s+ 0818, kY
PIEH R AL TP BOIR A . b, EST H R BRAED Y
H KT IS B B HE 0, 3X 5 Pijlman %07 (B
REER—B RRZPIEIE SRR R 2R
Ho T ESIAHE Cl ARRAERETFREES B
(R PUIRAT R FE AR 8 T i 35 2 7, 3R WITE DN =% 0
BRI SRBRRBAT 75 R E, Wi g
R FREES U,

REFRRERW, SHRBONE SRS S K
A YIRRZ N, 18 M N, ¥ T S5 M A TR AR BT B
ARt BT AR Sk BT BUAT R AR B PR HL
FTRE R ¥ R B 5% Al 4 18 A% BB 0 AT BB 7R 4k, T HE
WA RGEMA SRR TR AREk
I, ES1 25 K BRI T FI R0 i B2 2 1 NG BEER 1L KT
MRS T C1 A1 C2 46, ES2 4HRTIN 21 NG B
MRUWKTREERT C14H, BT NG FESHEE
LLFNET AN K 4 TE t 2 T S A iR, NG
KB ER ALK -1 R A B T KR35 58 ( Long — term
potentiation, LTP) A= R IK N - HE - D - X 1]
KB 2K (N - methyl - D — aspartate receptor,
NR) BIE AL L B SE b 115 515 2 R A0S F4E
FOT (R O L R RE R BUR DI
J&  Bi X NG & 5 i A8 A ] VR O I e 42 ST i il
R RAETE A F R R, NG BBRER AL /KT 11
B W] A A S B AR A 48 T 2 B SR il A% 3 SRR Y

H, A4 14T N , S BT BB 3 T
WA Z T BB AR, IR ARG B R RE IS 3R, 5
Shen 251 BB ST 45 SR — B, A1 % BL Ak ek
WA S HERR SN RE S B I ) KI5
NI i W YIS @ TN pr YR R e d
B & 45 ( mitogen — activated protein kinases,
MAPKs) 5% ¥ 5% 52 A1 %% B2 4k K P 3 =, B
Chen" ' S5 5T & B0 22 1k v R 5 B8 BRI PR )
NG BERRIL K P TR, SERMRERTFEE R F
BT BE R R 2« P IUAIE 5 A BT SR P 1 B B A
Al HBRBR S , DR BRURR P H B4 ™ B ) R I 45
A, FECP A M MEIRIE, B NG IS = TR,
BERRAL NG AKFRER. ABERRE, RE ES1 4
M ES2 41y NG BERRILK V- EREER . HESX
MR, EST AR BH NG BERRALK 35 i 72
FERTES2 4, AerREE: KRR =, Ea
B8] A7 A IRAS B 0 2 M B B B ), AT A
BT NG BRERRIL/K VISR . Mok, ES 4 NG &
BT 2 T R R I Z S M R P RE R I R R
¥ I FIHD B K E W R 2 TTIE A S R W] B AR
PEHE

AL R, A E N B R,
5 NG MBI 5K FESIEE ZEE B E
BRI, $RiE T NG BRER LK T AT R TR &
PRI T SRR SR AR T R i — T U A= )
FIENR , BRI REW R B AR 4 DL BT R
IR LS . BT RER R R 2 2 NS B e, NG
BERRAL/K T i3 w2 7 NR ARHiME LTP iRk,
RS AR e g R, — 7 A By TR0 M
TERFIILIE , 75— J7 T S AT WA AR SE 4 3 10
L. IR B IESE MW, X—
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W NG fIBERR LK AR 1% S N
W EZRSG|HE NG ‘%ﬁ@&@ﬁ%7ﬁ¥%iamo IHH
FES N E T, NC B AR SR W17 N ZE
PRI RIB B E K. 8 NG KIS & ﬁ@é@ﬁﬁcﬂ(
SR Rl AR R B n] VRO B S e vk BT B T o
5% AL REW BN R B AR AR B BN — TR AR
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Abstract

Neurogranin ( NG) is a brain-specific, postsynaptically located protein kinase C ( PKC) substrate found by Watson
and his colleagues in 1990. It is mainly distributed in the frontal cortex, hippocampus and amygdala of rodents that are
considered as essential components of neural circuitry mediating stress responses. Numerous animal studies have demon-
strated that NG is involved in several pathways of protein signal transduction in brain, long-term potentiation and long-term
depression. NG-knockout animals exhibited deficits in learning and memory. These results implied that NG may be a me-
diator between stress and behavior. However, until recently, the cellular role of NG has not been clearly established. To
understand more molecular events underlying central mechanisms of stress-induced behavioral changes, the purpose of the
present study was to investigate the effects of acute emotional stress on behavior and protein levels of neurogranin in brain,
and the correlation between protein levels of neurogranin and stress-induced behavioral changes.

Forty rats were randomly divided into emotional stressed group 1 ( emotional stress followed by behavioral test, ES1) ,
emotional stressed group 2 (only emotional stress, ES2) , handled-control 1 (only behavioral test, C1) and handled-con-
trol 2 (home cage, C2), with ten in each. Randomly giving empty water bottles at set times was used as an emotional
stressor. Behavioral changes in rats after stress were observed by open-field test and elevated plus maze task, and protein
levels and phosphorylation of neurogranin of hippocampus and forebrain were determined by Western blotting. The results
showed that locomotor activity in open-field test in ES1 was increased more than that in C1 group (p <0.05). Protein lev-
els and phosphorylation of Neurogranin of hippocampus and forebrain in ES1 were significantly higher than that in C1 (p <
0.05, p<0.05) and C2 (p <0.05, p <0.05). Phosphorylation of Neurogranin level of forebrain in ES2 was significantly
higher than that in C1 (p <0.05). The correlation was significant at 0. 05 levels between locomotor activity and phospho-
rylation of neurogranin in the hippocampus. These results suggested that neurogranin is one of the siress-related substances
in brain. Acute emotional stress can induce anxiety. Locomotor activity may be a sensitive behavioral index, and phospho-
rylation of neurogranin in the hippocampus may be an effective biological predictor for anxiety and/or depression induced
by acute emotional stress. In summary, acute emotional stress induces behavioral changes and phosphorylation levels of
neurogranin in frontal cortex of rats. Underlying mechanisms explaining the behavioral changes in siress effects are dis-
cussed, including the role of neurogranin in the hippocampus and frontal cortex.

Key words acute stress, emotional siress, hippocampus, frontal cortex, behavior, neurogranin.



